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Objective: A genome-wide association study and a replication using Japanese, Spanish and Greek
Caucasian populations have recently indicated two single-nucleotide polymorphisms (SNPs) (rs7775228
and rs10947262) associated with knee Osteoarthritis (OA) susceptibility. We have further evaluated the
association in knee OA subjects from Han Chinese and Australian Caucasian origin.
Methods: Two independent case-control association studies were performed using Han Chinese and
Australian Caucasian populations. The two SNPs were genotyped in patients who had primary symp-
tomatic knee OA with radiographic conﬁrmation and/or received total knee replacement surgery as well
as in matched controls. They were subjected to statistic analyses.
Results: A total of 991 OA patients and 1536 controls were genotyped. No signiﬁcant difference was
detected in genotype or allele frequencies of the two SNPs between knee OA and control groups in the
two populations (all P> 0.05). The association was also negative even after stratiﬁcation by sex, body
mass index (BMI) and Kellgren/Lawrence scores. The signiﬁcant heterogeneity was detected between
Chinese and Japanese (both P< 0.05). In the Caucasian samples, no signiﬁcant heterogeneity was
detected (both P> 0.05). The result of meta-analysis showed signiﬁcant association between knee OA
and rs10947262 in total subjects [summary OR¼ 1.26, 95%conﬁdence intervals (CI)¼ 1.07e1.27,
P¼ 3 108] and in Caucasian samples (summary OR¼ 1.28, 95%CI¼ 1.04e1.57, P¼ 0.02).
Conclusion: We demonstrated no association between the two SNPs in human leukocyte antigen (HLA)
class II/III region and knee OA in Han Chinese population. A signiﬁcant association was detected between
SNP rs10947262 and knee OA in Caucasian subjects. Further replication studies are required to identify
the impact of controversial association.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Osteoarthritis (OA, OMIM 165720) is a common idiopathic
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s Research Society International. Pand/or subchondral sclerosis. OA causes pain and limitation of daily
activities. It is the severest worldwide problem in aged societies,
such as China and Australia. Knee OA, in particular, has a high
prevalence all over the world. OA is a combined result of environ-
mental and genetic factors1. Twin and family studies show that the
genetic component plays a key role in the etiology of OA2,3. Several
susceptibility genes for OA have been detected by large-scale
candidate gene-association studies and genome-wide association
studies (GWAS), and these have been conﬁrmed by replication
studies4e6. These susceptibility genes will become potential targets
in future considerations of diagnosis and treatment of OA.
By scanning 459,393 single-nucleotide polymorphisms (SNPs)
that passed very strict QC ﬁlters for genotyping, Nakajima et al.7ublished by Elsevier Ltd. All rights reserved.
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(rs7775228 and rs10947262) located in a region containing human
leukocyte antigen (HLA) class II/III genes. Their association reached
genome-wide signiﬁcance (P¼ 2.43108 for rs7775228 and
6.73108 for rs10947262). The replication studies in two Euro-
pean Caucasian countries and meta-analysis further showed
supportive association between knee OA and SNP rs10947262. The
studies have highlighted the implication of the immune system in
the ontogeny of knee OA. Given the association of the two SNPs and
knee OA seems disputable, independent studies in different ethnic
groups should be conducted to conﬁrm the associations.
In order to deﬁne the signiﬁcance of the association globally
before understanding the potential mechanism of the immunolog-
ical impact in knee OA, we examined the genetic association of the
two SNPs with knee OA in Han Chinese and Australian Caucasian
populations.
Methods
Subjects and protocol
Two independent case-control studies were conducted to
replicate the association. A total of 2520 subjects participated in the
study. The study protocols were approved by ethics committees of
participating institutions (Medical School of Nanjing University, the
University of Western Australia). Informed consent was obtained
from patients and controls.
Chinese Han subjects
A total of 1752 subjects were studied; 731 patients (548 women
and 183 men) were enrolled consecutively at the Center of Diag-
nosis and Treatment for Joint Disease, Drum Tower Hospital, afﬁl-
iated to the Medical School of Nanjing University and 1021 healthy
control subjects (382 women and 739 men) were enrolled at the
Center of Physical Examination, Drum Tower Hospital, afﬁliated to
Medical School of Nanjing University. The inclusion criteria were as
previously described5,8. All subjects in the study were Han Chinese
living in and around Nanjing. To all subjects, we calculated the body
mass index (BMI; body weight in kilograms divided by square of
height in meters) to assess obesity.
Australian Caucasian subjects
We studied a pool recruited from the population-based Health
in Men study conducted in Western Australia9. There were 250
male patients and 518 healthy age matched control male subjects.Table I
Genotype and allele frequencies of rs10947262 and rs7775228 in HLA class II/III region i
Group No. of subject rs10947262
Genotype Alle
TT CT CC T
Chinese
OA
All 731 0.03 0.36 0.61 0.21
Female 548 0.03 0.35 0.62 0.21
Male 183 0.04 0.39 0.57 0.23
Control
All 1021 0.04 0.36 0.60 0.22
Female 382 0.05 0.38 0.57 0.24
Male 639 0.03 0.38 0.59 0.22
Australia
OA
Male 260 0.01 0.16 0.83 0.08
Control
Male 515 0.01 0.14 0.85 0.07Knee OA patients had not only deﬁnite signs and symptoms of OA,
but also radiographic evidence of OA (Supplementary Fig. 1). Total
knee replacements were performed for all the 250 patients. No total
knee replacements or diagnosis of OA was evident in the healthy
control age matched male subjects at the time of registration.
In both studies, other etiologies causing knee diseases such as
inﬂammatory arthritis (rheumatoid, polyarthritic and autoimmune
disease), posttraumatic or post-septic arthritis, skeletal dysplasia or
developmental dysplasia were excluded. Radiographic OA was
assessed using the Kellgren/Lawrence (K/L) grading system10. In the
Han Chinese population, only patients with K/L grades of 2 or
higher were included. All the controls had no signs or symptoms of
arthritis or joint diseases (pain, swelling, tenderness, or restriction
of movement).
Genotyping
DNA was obtained from all the subjects from peripheral blood
using the Chelex-100 method11 or buccal swabs using the DNA IQ
System (Promega, Madison, WI). We genotyped the SNPs by using
the polymerase chain reaction (PCR) based Invader assay (Third
Wave Technologies)12, and samples failed by the Invader assay
were genotyped by direct sequencing of PCR products with ABI
3700 DNA analyzers (ABI 3700, Applied biosystems).
Statistical analysis
Standard chi-square analysis-of-contingency tables were used
to compare the two SNPs’ genotype and allele distributions in the
case-control study. The differences of the clinical information, age,
sex and K/L scores between the genotypes were tested using the
ManneWhitney test, KruskaleWallis test and chi square test. These
tests were performed using SPSS 15.0 system software. The test of
HardyeWeinberg equilibrium was performed by chi square test.
Software R13 was used to do meta-analysis. DerSimonianeLaird
(DSL) procedure based on the random-effect model was performed
for the analysis. We estimate power using the program PBAT, v3.514.
Results
A total of 2517 subjects were successfully genotyped and sub-
jected to the statistical analyses. Genotype and allele counts for the
two populations are shown in Table I. Three control samples in the
Australian study were missed for genotyping.n the two populations
rs7775228
le Genotype Allele
C CC CT TT C T
0.79 0.54 0.36 0.10 0.72 0.28
0.79 0.54 0.36 0.10 0.72 0.28
0.77 0.56 0.35 0.09 0.73 0.27
0.78 0.56 0.37 0.07 0.74 0.26
0.76 0.56 0.38 0.06 0.75 0.25
0.78 0.56 0.36 0.08 0.74 0.26
0.92 0.78 0.21 0.01 0.88 0.12
0.93 0.76 0.22 0.02 0.87 0.13
Table II
Association of the rs10947262 with knee OA in the two populations
Study CC vs Others TT vs Others All genotypes* C allele vs T allele
OR 95%CI P value OR 95%CI P value P value OR 95%CI P value
Chinese
All 1.05 0.87e1.28 0.59 1.20 0.50e1.39 0.49 0.73 0.95 0.80e1.11 0.50
Female 1.21 0.93e1.58 0.17 1.73 0.90e3.32 0.41 0.16 0.82 0.66e1.03 0.09
Male 0.93 0.67e1.30 0.67 0.81 0.34e1.95 0.64 0.85 1.07 0.81e1.41 0.62
Australia
Male 0.83 0.55e1.26 0.38 0.50 0.03e7.68 0.62 0.63 1.19 0.81e1.76 0.37
* CC, CT and TT genotypes were grouped together and a 2 3 contingency-table analysis was performed.
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The ages of the OA cases and the controls [mean standard
deviation (SD)] were 60.210.4 (range, 34e89) and 56.011.0
(range, 40e97) years, respectively. BMI of the OA cases and the
controls (mean SD) were 26.0 3.73 kg/m2 and 24.0 2.95 kg/
m2, respectively. There was no statistical difference between the
two groups. Over 70% of patients had a K/L score of 3 or 4. Distri-
butions of genotypes of SNPs in the control groups were conformed
to HardyeWeinberg equilibrium (P¼ 0.06 and 0.18, respectively).
Signiﬁcant differences in distribution of allele frequencies were
detected between Han Chinese and Japanese GWAS cohort [for
rs10947262, OR¼ 1.21, 95%conﬁdence intervals (CI)¼ 2.31104
to 6.34104; for rs7775228, OR¼ 2.12, 95%CI¼ 3.06104 to
1.46104; both P< 0.00001].
SNP rs10947262
As in the studies of Japanese population reported previously7,
the most common genotype was CC in both patients and controls.
The genotype frequency of TT in Han Chinese was similar to that in
Japanese and much higher than that in European Caucasians. No
signiﬁcant difference in the genotype frequency was observed in a
comparison of TT vs other genotypes combined, nor in a compar-
ison of CC vs other genotypes combined (Table II). The negative
association was also found after stratiﬁcation by sex (Table II). No
signiﬁcant association was detected for CC vs other genotypes
combined in any comparisons. No signiﬁcant difference was
detected after stratiﬁcation by K/L scores in the Han Chinese
samples (P> 0.05).
SNP rs7775228
In the comparison of TT vs others, a slight association was
detected (P¼ 0.04) but it could not overcome the Bonferroni’s
correction of multiple testing for the number of alleles tested
(corrected P: 0.05/8¼ 0.00625). No signiﬁcant association after
stratiﬁcation by sex, BMI or K/L scores (All P value> 0.05) was
detected (Table III).Table III
Association of the rs7775228 with knee OA in the two populations
Study CC vs Others TT vs Others
OR 95%CI P value OR 95%CI
Chinese
All 0.93 0.77e1.13 0.47 0.70 0.50e0.98
Female 0.93 0.71e1.21 0.58 0.59 0.36e1.04
Male 0.98 0.71e1.37 0.91 1.18 0.66e2.10
Australian
Male 1.07 0.75e1.52 0.72 1.51 0.41e5.58
* CC, CT and TT genotypes were grouped together and a 2 3 contingency-table analyAustralian Caucasian population study
The ages of the OA cases and the controls (mean SD) were
78.5 4.0 (range between 73e90) years and 78.3 3.9 (range
between 73e89) years, respectively. BMI of the OA cases and the
controls (mean SD) were 27.9 3.76 kg/m2 and 26.2 3.47 kg/
m2, respectively. There was no statistical difference between the
two groups. Distributions of genotypes in the knee OA and control
groups were also conformed to HardyeWeinberg equilibrium
(P¼ 0.49 and 0.27, respectively). None of the genotype or allele
frequencies of the two SNPs differed signiﬁcantly (all P> 0.05)
(Tables II and III).
Meta- and power-analyses
We analyzed two case-control association studies between knee
OA and the two SNPs’ genotypes and alleles. The tests for CC vs
other genotypes, TT vs other genotypes and C allele vs T allele
showed no signiﬁcant heterogeneity (all P> 0.05) (Supplementary
Table 1). All the P values for the summary Odds ratio (OR) indicated
that therewas no positive association between rs7775228 and knee
OA, or between rs10947262 and knee OA (Supplementary Table 1).
We performed meta-analysis between the original study and our
results. For rs7775228, signiﬁcant heterogeneity was detected in
total and Asian studies (P¼ 0.00059 and 0.0024, respectively). For
rs10947262, signiﬁcant heterogeneity was detected in Asian
studies (P¼ 0.02). No signiﬁcant heterogeneity was detected in
Caucasian studies (both P> 0.05) (Supplementary Table 2). The
result of meta-analysis showed signiﬁcant association between
knee OA and rs10947262 in Caucasian subjects (Summary
OR¼ 1.28, 95%CI¼ 1.04e1.57, P¼ 0.02). The powers for the repli-
cation study for rs10947262 and rs7775228were 0.75 (minor allelic
frequency (MAF) of combined control sample was 0.17, summary
OR in original article was 1.31, signiﬁcant level was 0.05) and 0.87
[MAF of combined control sample was 0.22, summary OR in orig-
inal article was 0.34 (Japanese only), signiﬁcant level was 0.05],
respectively. The result of meta and power analyses indicated thatAll genotypes* C allele vs T allele
P value P value OR 95%CI P value
0.04 0.12 0.89 0.77e1.03 0.13
0.41 0.10 0.86 0.70e1.06 0.16
0.57 0.85 0.96 0.73e1.24 0.74
0.54 0.81 1.08 0.78e1.50 0.62
sis was performed.
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genoptypes and alleles in the Han Chinese and Australia Caucasian
populations.
Discussion
GWAS is an accurate method for genetic studies and is used
internationally for the screening of genes for disease susceptibility.
The previous GWAS study was the ﬁrst GWAS of OAwhich had such
extensive coverage of up to 550,000 markers and was able to deﬁne
genome-wide signiﬁcance even after the conservative Bonferroni’s
correction7. The study implicated that immunologic mechanism in
the etiology of OA. However, using two case-control studies, we
could not detect any association of SNPs in HLA class II/III region
with knee OA susceptibility in both Han Chinese and Australian
Caucasian samples. No signiﬁcant differences were explored even
when the cases were stratiﬁed by sex, BMI and severity of OA.
Distribution of genotype and allele frequencies of SNPs was
signiﬁcantly different between the Han Chinese population and
other populations. In Australian male Caucasians, no signiﬁcant
association was detected either. The Asian studies did not show
concordant results. The signiﬁcant heterogeneity was detected
between Chinese and Japanese. Therefore, we detected that the two
SNPs are not associated with knee OA only in Han Chinese pop-
ulation. In the Caucasian samples, the signiﬁcant heterogeneity was
not detected. We can summarize three samples, Spanish, Greek and
Australian by meta-analysis. The result of meta-analysis showed
signiﬁcant association between knee OA and rs10947262 in
Caucasian subjects.
The reason for the discrepancy between these two datasets is
unknown. According to our previous papers, there is no deﬁnite
difference in the ascertainment criteria between Japanese and Han
Chinese population5. There is also no difference in the subjects
between two studies in relation to the severity of OA. Total knee
replacements were performed in all the Australian Caucasian OA
cases which are similar to that in the Greek and Spanish Cauca-
sians7. Sample size is not the explanation for the discrepancy either.
Although the sample size of Chinese cases is smaller than that of
Japanese cases, it was much bigger than all the other studies. In
addition, the size of Australian group is comparable to previous
studies7. Therefore, our samples size is sufﬁcient for detecting the
effect of the SNPs on OA susceptibility. Based on previous studies on
asporin and OA4,15, ethnic difference as the explanation for the
discrepancy is also not convincing. In the light of the possible
association of knee OA etiology with immunological pathology, the
current signiﬁcant association between knee OA and two SNPs
(rs7775228 and rs10947262) located in a region containing HLA
class II/III genes needs to be further conﬁrmed.
Contributions
QJ and MZ designed the whole study. DS and QZ analyzed,
interpreted of the data and drafted of the article. DC, LZ, AQ, JF, JL,
ZX and ZL Collected and assembled the data. PN and JX help to draft
and revise the article. TN supported statistical analysis.
Role of the funding source
This work was supported by Programme of Technology
Development of Nanjing (200603001) (to DS and QJ) and the
AustraliaeChina collaborative grants from the University of
Western Australia (JX, MHZ)
Conﬂict of interest
Authors declare no conﬂict of interest.Acknowledgement
We wish to thank Qiting Ge for the technical support.
Supplementary data
The supplementary data associated with this article can be
found in the on-line version at doi:10.1016/j.joca.2010.07.009.
References
1. Ikegawa S. New gene associations in osteoarthritis: what do
they provide, and where are we going? Curr Opin Rheumatol
2007;19:429e34.
2. Hirsch R, Lethbridge-Cejku M, Hanson R, Scott Jr. WW,
Reichle R, Plato CC, et al. Familial aggregation of osteoarthritis:
data from the Baltimore Longitudinal Study on Aging. Arthritis
Rheum 1998;41:1227e32.
3. Felson DT, Couropmitree NN, Chaisson CE, Hannan MT,
Zhang Y, McAlindon TE, et al. Evidence for a Mendelian gene in
a segregation analysis of generalized radiographic osteoar-
thritis: the Framingham Study. Arthritis Rheum 1998;41:
1064e71.
4. Kizawa H, Kou I, Iida A, Sudo A, Miyamoto Y, Fukuda A, et al. An
aspartic acid repeat polymorphism in asporin inhibits chon-
drogenesis and increases susceptibility to osteoarthritis. Nat
Genet 2005;37(2):138e44.
5. Miyamoto Y, Mabuchi A, Shi D, Kubo T, Takatori Y, Saito S, et al.
A functional polymorphism in the 50 UTR of GDF5 is associated
with susceptibility to osteoarthritis. Nat Genet 2007;39(4):
529e33.
6. Dai J, Ikegawa S. Recent advances in association studies of
osteoarthritis susceptibility genes. J Hum Genet 2010;55
(2):77e80.
7. Nakajima M, Takahashi A, Kou I, Rodriguez-Fontenl C, Gomez-
Reino JJ, Furuichi T, et al. New sequence variants in HLA class
II/III region associated with susceptibility to knee osteoar-
thritis identiﬁed by genome-wide association study. PLoS One
2010 March 18;5(3):e9723.
8. Jiang Q, Shi D, Yi L, Ikegawa S, Wang Y, Nakamura T, et al.
Replication of the association of the aspartic acid repeat
polymorphism in the asporin gene with knee-osteoarthritis
susceptibility in Han Chinese. J Hum Genet 2006;51(12):
1068e72.
9. Norman PE, Flicker L, Almeida OP, Hankey GJ, Hyde Z,
Jamrozik K. Cohort proﬁle: the Health In Men Study (HIMS). Int
J Epidemiol 2009;38:48e52.
10. Kellgren JH, Lawrence JS. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 1963;22:237e55.
11. Walsh PS, Metzger DA, Higuchi R. Chelex 100 as a medium for
simple extraction of DNA for PCR-based typing from forensic
material. Biotechniques 1991;10:506e13.
12. Ohnishi Y, Tanaka T, Ozaki K, Yamada R, Suzuki H,
Nakamura Y. A high-throughput SNP typing system for
genome-wide association studies. J Hum Genet 2001;46:
471e7.
13. The R project for statistical computing. Available at: http://
www.r-project.org/; 2001.
14. Lange C, DeMeo D, Silverman EK, Weiss ST, Laird NM. PBAT:
tools for family-based association studies. Am J Hum Genet
2004;74:367e9.
15. Nakamura T, Shi D, Tzetis M, Rodriguez-Lopez J, Miyamoto Y,
Tsezou A, et al. Meta-analysis of association between the ASPN
D-repeat and osteoarthritis. Hum Mol Genet 2007;16(14):
1676e81.
